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The present study included the investigation of both morphological attributes of some taxa
of Caesalpinioideae viz. whole plant, leaf architecture & epidermal characteristics (LM &
SEM) and certain molecular attributes (RAPD & Isozymes) to clarify the diversity and the
diagnostic importance of these characters. The sum of both character states of morpho-
logical andmolecular criteria (326 attributes & 353 bands) respectively of total (679 attributes)
of the investigated taxa were subjected to a numerical analysis using NTsys-pc program
(version 2.02). The resulted dendrogram interpreted the similarities and dissimilarities be-
tween the investigated taxa. The specific relationships were discussed and compared with
some of the current systems of classification. The aim of the present study is tried to find the
interspecific relationships of the studied taxa through the investigation of their morpho-
logical and molecular characters in addition to a numerical evaluation of such characters.
Among the reached concluding remarks, The dendrogram resulted from morphological and
molecular attributes supported the separation of Cassia and Senna as two taxonomic entities.
Copyright 2013, Beni-Suef University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction The principal characteristics of the leaf venation pattern ofCaesalpinioideae includes 171 genera and about 2250 species
of tropical and sub-tropical trees and shrubs (Lewis et al.,
2005). Boulos (1999) recorded the following wild species in
Egyptian flora viz. Cassia italica, Cassia holosericea, Cassia occi-
dentalis, Cassia senna and Delonix elata.sci.asu.edu.eg (U.K. Abde
i-Suef University
sevier
13, Beni-Suef University.a species are genetically fixed. This provides the basis for
using the leaf venation as a taxonomic tool (Hickey, 1973;
Roth-Nebelsick et al., 2001). Seetharam and Kotresha (1998)
emphasized the taxonomic importance of venation and its
usefulness in classification of Bauhinia L.l-Hameed), tantawy_21561@yahoo.com (M.E. Tantawy).
Production and hosting by Elsevier B.V. All rights reserved.
Table 1 e Collection data of Caesalpinioideae.
No. Taxa Source
01 Bauhinia alba Buch.-Ham. ex Wall. OBG
02 B. hookeri F. Muell. BGC
03 B. variegata L. BGA
04 Brownea grandiceps Jacq. ZBG
05 Caesalpinia ferrea Tulasne. ZBG
06 C. gilliesii (Wallich ex Hook.) Dietr. BGC
07 Cassia fistula L. OBG
08 C. grandis L.f. ZBG
09 C. javanica L. ZBG
10 C. marginata Roxb. OBG
11 C. nodosa Buch-Ham. ex Roxb. OBG
12 Ceratonia siliqua L. BGA
13 Cercis chinensis Bunge OBG
14 Delonix regia (Bojer ex Hook.) Raf. BGA
15 Gleditsia caspica Desf. OBG
16 Haematoxylum campechianum L. BGA
17 Parkinsonia aculeata L. BGA
18 Peltophorum africanum Sond. BGA
19 Saraca indica L. OBG
20 Schotia brachypetala Sond. OBG
21 Senna alata (L.) Roxb. BGC
22 S. didymobotrya (Fres.) Irwin & Barneby BGA
23 S. sophera (L.) Roxb. ZBG
24 S. surattensis (Burm. f.) Irwin & Barneby ZBG
25 Tamarindus indica L. OBG
BGA: Botanical Garden, Ain Shams University, Faculty of Science,
Cairo, Egypt. BGC: Botanical Garden, Cairo University, Faculty of
Agriculture, Giza, Egypt. OBG: Orman Botanical Garden, Ministry of
Agriculture, Giza, Egypt. ZBG: Zohria Botanical Garden, Ministry of
Agriculture, Gezzera, Cairo, Egypt.
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vide valuable taxonomic and systematic evidence in both
living and fossil plants and also have played a significant role
in framing hypotheses about early angiosperm evolution
(Carpenter, 2005). Zou et al. (2008) examined the leaf
epidermal micro characters of nine taxa of Cercis using SEM &
LM, and then concluded that the interspecific differences are
minor in the genus.
RAPD markers are powerful techniques for determining
intra- and interspecific genetic variations and allow direct
comparison of plant variation at both biochemical and mo-
lecular levels (Williams et al., 1990; Welsh and McClelland,
1990; Carlier et al., 2004). RAPD markers have been reported
to be as efficient as AFLP, SSR, RFLP and ISSRmarkers (Martins
et al., 2003; Zahuang et al., 2004) for genetic analysis at
different plant species.
Whitty et al. (1994) adopted RAPD method for use as a
phenetic tool on the legume tribe Cassiinae, using eight
primers and showed the potential for separation of the
nodulated nitrogen fixing genus Chamaecrista from the previ-
ously congeneric groups Cassia and Senna. Diallo et al. (2007)
studied 10 Tamarindus populations using markers RAPDs, the
results showed that Tamarindus indica has a high intra popu-
lation genetic variability.
Despite the use of DNA markers, isozymes are still widely
employed in species delimitation, conservation and cultivar
identification (Samec et al., 1998; Mohamed, 2006). Isozymes
have been applied as molecular-genetic markers to study ge-
netic diversity and phylogenetic affinities in populations of
Gleditsia triacanthos (Schnabel and Hamrick, 1990), Cassia
species (Nualkaew et al., 1998; Siva and Krishnamurthy, 2005).
Concerning numerical analysis, several authors checked the
current classification for different genera and species of Legu-
minosae and analysed their results by using different numerical
analysis programs. Larmarque and Fortunato (2003) used the
numerical analysis todiscuss the taxonomicplacementofAcacia
emiliona and its affinity within subgenus Aculeiferum. Tantawy
et al. (2005) showed the similarities between some of different
taxaofMimosoideae.El-Gazzaretal. (2008) reachedtocomputer-
generated keys to the flora of Egypt (Mimosoideae & Caesalpi-
nioideae). Abou El-Enain et al. (2007) delimited the genus Cassia
into two subgenera viz. Fistula and Senna based on the basis of
morphological criteria and seed protein electrophoresis.
The aim of the present study is tried to find the interspe-
cific relationships of the studied taxa through the investiga-
tion of their morphological and molecular characters in
addition to a numerical evaluation of such characters.Table 2 e Primers used in RAPD analysis.
No. Primer Sequence
1 SC10-5 TCGGAGTGGC
2 SC10-14 TCCCGACCTC
3 SC10-17 GTTAGCGGCG
4 SC10-18 GCCCTACGCG
5 SC10-22 CTAGGCGTCG
6 SC10-23 GGCTCGTACC
7 SC10-25 CGGAGAGTAC
8 SC10-59 GCATGGAGCT
9 SC10-64 CCAGGCGCAA
10 SC11-30 CCGAAGCCCT2. Materials and methods
Fresh mature leaf materials of 25 caesalpinioid taxa grown in
some Egyptian botanical gardenswere collected and subjected
for the present study (Table 1). Identification was confirmed
according to (Bailey, 1949; Bircher, 1960).
The taxa were further matched against dried specimens in
the Herbaria of Ain Shams University (CAIA), Cairo University
(CAI), Flora & Phytotaxonomy & Agriculture Research Center
(CAIM) and Orman Botanical Garden. Voucher specimens of
the studied taxa are deposited in CAIA.Macromorphological attributes of the whole plant were
described from the investigated specimens or compiled from
text books viz. Bailey (1949).
Lamina vein architecture was carried out according to the
customary method of Jesudass et al. (2003). Leaf architectural
terminology generally follows Hickey (1973) and LAWG (1999).
Stomatography was carried on the bases of traditional
method of Stace (1965). The photomicrographs were taken
usingaReichertMicrostar IVmicroscopeat thePlantTaxonomy
Research Laboratory, Botany Department, Faculty of Science,
Ain Shams University, Cairo, Egypt. For SEM small pieces
(7 mm2) of the leaf material were fixed on SEM stubs with
double-sided tape, coated with gold in SPI-Module sputter
coater, examinedandphotographed in Jeol JSM5200atdifferent
magnifications ranged from 750 X-1500X. Descriptive
b e n i - s u e f un i v e r s i t y j o u rn a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 3 ) 1 2 0e1 2 7122terminologyof epidermal characteristics basedonMetcalfe and
Chalk (1950), Murley (1951), LAWG (1999) and Prabhakar (2004).
Genomic DNA extraction was performed as suggested by
DNA extraction kit’s manufacturer Jena Biosciences, Plant
DNA Preparation Kit. Polymerase chain reactions (PCR) wereFig. 1 e A&B, Major primary vein categories of lamina architect
vein categories of lamina architecture; C, Brochidodromous. D,
types of stomata; F, Paracytic. G, Isotricytic. H, Tetracytic. I, Ano
sculpture (SEM); K, Colliculate. L, Pusticulate. M, Reticulate. N, Rcarried out according to Whitty et al. (1994) and the primers
used are presented in Table 2.
The utilized isozymes are a- and b-esterase (a- and b- Est),
acid phosphatase (Acph), alcohol dehydrogenase (Adh), and
aldehyde oxidase (Alo). These isozymeswere separated in 10%ure; A, Campylodromous. B, Pinnate. C-E, Major secondary
Festooned brochidodromous. E, Cladodromous. F-J, Major
mocytic. J, Cyclocytic. KeO, Major types of lamina surface
uminate. O, Tuberculate.
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et al. (1985). Isozymes extraction and electrophoresis were
carried out on the bases of traditional method. In gels staining
protocols of Wendel and Weeden (1989) were used for Acph,
Jonathan and Wendel (1990) were used for Adh & Alo and
Scandalios (1964) were used for a- and b- Est. Gels were
washed two or three times with tap water, fixed in EtOH/20%
glacial acetic acid; 9:11 v/v. for 24 h and then was
photographed.
Unweighted Pair-GroupMethod using Arithmetic Averages
with SAHN function (Sneath and Sokal, 1973) was used to
estimate states of characters variation among the species,
each taxa was considered as operational taxonomic unit
(OTU) and states of characters analysed as binary character-
istics. The formation of groups is depending on the values of
similarity. All computations were carried out by the aid of the
NTSYS-PC version 2.02 (Rohlf, 2000).3. Results
3.1. Morphologicl traits
Leaf composition is a valuable taxonomic value led to the
separation of Bauhinia and Cercis (simple leaf) from the
remaining studied taxa this is comparable to the current
taxonomic systems of classification, to cite but a few one can
refer to Bentham and Hooker (1862), Engler (1964), Willis
(1966), Hutchinson (1967), Pettigrew and Watson (1977),
Smith (1977), Pollhill and Raven (1983), Watson and Dallwitz
(1983) and Lewis et al. (2005), where Bauhinia and Cercis
grouped in tribe Bauhinieae or Cercideae. Pettigrew and
Watson (1977) segregated Haematoxylum away from the rest
of related taxa viz. Ceasalpinia, Delonix, Parkinsonia and Pelto-
phorum. The data in the present study supported the segre-
gation of Haematoxylum and Gleditsia (oncepinnate &
bipinnate, paripinnate) away from the related taxa. In the
current study the shape of the blade distinguished Bauhinia sp.
under investigation away from Cercis chinencis. In the former
the blade was suborbicular and cordate in the latter. This
conclusion is comparable with the work of Wunderlin et al.
(1981, 1987) “tribe Cercideae or Bauhinieae is divided into
two subtribes viz. Cercidinae (Cercis) and Bauhiniinae (Bau-
hinia)”. The data in the present study about the union of sepals
supported the conclusion reached before by Rendle (1925)
“Bauhinieae have a gamosepalous calyx” except Bauhinia
hookeri (polysepalous one). The filament form (sigmoid &
noduated) in taxa under investigation was comparable to
those mentioned by Bentham (1871), Taubert (1891) and
Randell (1976) who suggested that the filament form help in
segregation of genus Cassia L. into three subgenera viz. Fistula,
Senna and Lasiorhegma, or subgenera viz. Cassia, Senna and
Absus respectively. Rendle (1925) distinguished tribe Cassieae
by having more or less basifixed anthers. This conclusion is in
agreement with the data extracted in the present study.
Bentham (1871), Taubert (1891) and Randell (1976) concluded
that the flattened and terete ovary enhance the separation of
Cassia and Senna. This conclusion is in agreement with the
data extracted in the present study. The campylodromous
type of primary vein category (Fig. 1) was considered uniquecharacter for Bauhinia & Cercis. This is in accordance with the
conclusion reached before by many systems of classification,
where the studied Bauhinia sp. and C. chinensis were grouped
under the same tribe Bauhinieae or Cercideae. The festooned
brochidodromous type of secondary vein category (Fig. 1)
segregated C. chinensis away from the studied Bauhinia sp. and
supported the division of tribe Cercideae or Bauhinieae into
two subtribes, Cercidinae and Bauhiniinae byWunderlin et al.
(1981, 1987). The studied Cassia species (hypostomatic) were
separated from Senna species (amphistomatic) in the present
study, this is in accordance with Bentham (1871), Taubert
(1891) and Randell (1976) who segregated genus Cassia into
three subgenera viz. Fistula, Senna and Lasiorhegma.
3.2. Molecular differentiation
The high discriminatory power of the primers used indicated
that the RAPD technique provides an effective tool for de-
limitation in Caesalpinioideae.
All primers produced 323 bands and showed no mono-
morphic bands (Fig. 2), meaning that the polymorphism
investigated by these primers reached 100%.
The amplifications products of the primer SC10-5 illus-
trated that two unique bandswere scored in B. hookeri at about
11.764 bp and 7.680 bp. One unique band was scored at about
2.015 bp in Delonix regia. Primer SC10-14 Showed eight unique
bands helped in the separation of five taxa, viz. 1.646 bp for
Bauhinia alba, about 95.516 bp, 41.137 bp and 5.934 bp for
B. hookeri, about 12.304 bp and 2.637 bp for Cassia grandis and
Cassia marginata respectively and about 108.312 bp and 1.172
bp for Gleditsia caspica. Seven unique were recognized by
primer SC10-17 that identify the following taxa viz. Bauhinia
variegata at about 43.693 bp and 30.949 bp, Brownea grandiceps
at about 72.897 bp and 1.367 bp, Cassia fistula, Cassia nodosa and
Peltophorum africanum at 19.057 bp, 2.986 bp and 46.863 bp
respectively. primer SC10-18 produced ten unique bands for
the following taxa viz. B. variegata (at about 76.264 bp),
B. grandiceps (1.923 bp), Caesalpinia ferrea (1.785 bp), Cassia
javanica (68.453 bp), C. marginata (3.278 bp), D. regia (5.224 bp
and 1.300) and Haematoxylum campecianum, Saraca indica &
Senna surattensis (3.778 bp, 5.051 bp and 19.626 bp) respectively.
Primer SC10-22 produced 12 unique bands distinguished the
following taxa viz. B. hookeri at about 0.385 bp, B. variegata at
7.097 bp, Caesalpinia gilliesii at about 11.570 bp, C. fistula at
about 12.987 bp & 5.759 bp, C. javanica at about 13.883 bp,
C. nodosa at 6.047 bp, 3.709 bp & 2.879 bp, Ceratonia siliqua at
about 5.759 bp & 0.948 bp and T. indica at 2.754 bp. Primer
SC10-23 generated nine unique bands that identified the
following taxa viz. B. alba at about 22.779 bp, C. nodosa at about
4.125 bp and 1.862 bp, C. siliqua at about 0.587 bp, C. chinensis at
about 29.696 bp, 24.521 bp and 9.551 and P. africanum& S. indica
at about 11.343 bp and 3.012 bp respectively. Eleven unique
bands were recognized by primer SC10-25 for B. hookeri (0.953
bp), C. gilliesii (5.912 bp), C. fistula (27.005 bp and 0.848 bp),
C. marginata, C. nodosa and C. siliqua (11.336 bp, 4.257 bp& 3.705
bp) respectively, D. regia (21.377 bp and 5.623 bp) and G. caspica
& P. africanum (0.771 bp and 8.583 bp) respectively. Scorable 13
unique bands using primer SC10-59 were recognized in 12
taxa at about molecular weight 2.116 bp, 3.553 bp, 3.257 bp,
4.416 bp, 1.102 bp, 1.241 bp, 2.858 bp and 0.585 bp in B.
Fig. 2 eA-J, RAPD profile of the studied taxa of Caesalpinioideae generated by A, primer SC10-5. B, primer SC10-14. C, primer
SC10-17. D, primer SC10-18. E, primer SC10-22. F, primer SC10-23. G, primer SC10-25. H, primer SC10-59. I, primer SC10-64.
J, primer SC11-30.
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Fig. 3 e Dendrogram based on morphological and molecular characters of the studied taxa of Caesalpinioideae using
NTSYS e pc program version 2.02.
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ginata, C. nodosa& C. siliqua respectively. At about 3.653 bp and
1.414 bp in H. campecianum. At about 15.718 bp, 12.300 bp and
5.555 bp in P. africanum, Senna didymobotrya & T. indica
respectively. Primer SC10-64 produced nine unique bands
that recognized for the identification of the following taxa B.
alba (65.382 bp), B. variegata (36.504 bp), B. grandiceps (1.637 bp),
C. ferrea (11.064 bp), C. marginata (1.522 bp), G. caspica (60.788
bp), S. indica (2.492 bp), Senna sophera (1.790 bp) and S. sur-
attensis (0.850 bp). The profile of primer SC11-30 showed that
nine unique bands identified the following studied taxa viz. C.
grandis (15.850 bp), C. nodosa (1.678 bp, 1.356 bp and 0.969 bp),
C. chinensis (18.745 bp), D. regia (1.247 bp), Parkinsonia aculeata
(20.000 bp), S. surattensis (10.381 bp) and T. indica (5.389 bp).
The highest number of bands (three) produced by Acid
phosphatase isozyme system was found only in C. ferrea,
which gave maximum gene/gene expression of acid phos-
phatase isozyme. The lowest number of acid phosphatase
bands (one each) was found in B. alba, B. grandis, C. gilliesii, C.
grandis, C. javanica, C. marginata, P. aculeata, S. indica, Schotia
brachypetala and T. indica, which gave minimum gene/gene
expression of the same isozyme. Four species-specific bands
were detected in C. fistula, H. campecianum, S. indica and S.
didymobotrya, the remaining three bands were shared by at
least two taxa. No unique bands detected among the four
polymorphic ones generated by Alcohol dehydrogenase
isozyme system. The highest number of bands (three) was
found only in C. ferrea. The lowest number of alcohol dehy-
drogenase bands (one each) was found in B. hookeri, B. varie-
gata, B. grandiceps, C. fistula, C. grandis, C. marginata, C. nodosa,
C. siliqua, H. campecianum, S. sophera and T. indica. Thezymogram of a-esterase revealed that ten bands were detec-
ted in 20 taxa, ranging from one to eight bands per taxa. The
highest number of bands (eight) was found only in H. campe-
cianum, which gave maximum gene/gene expression of a-
esterase isozyme. The lowest number of a-esterase bands (one
each) was found in B. alba, B. hookeri, C. ferrea, C. grandis, C.
nodosa, S. brachypetala, S. sophera, S. surattensis and T. indica.
Three species-specific bands were detected in H. campecianum,
the remaining seven bandswere shared by at least two taxa. A
total of five polymorphic bands were generated by b-esterase
isozyme system that detected in nine taxa, ranging from one
to three per taxa. The highest number of bands (three) was
found only in Senna alata. The lowest number of b-esterase
bands (one each)was found in C. gilliesii, C. fistula, P. aculeata, S.
didymobotrya, S. sophera and T. indica, which gave minimum
gene/gene expression of the isozyme.
One species-specific band was detected in C. ferrea and
another one in S. alata, the remaining three bandswere shared
by at least two taxa. Out of four polymorphic bands produced
by Aldehyde oxidase isozyme system in 18 taxa, only one
unique band observed in S. alata. The highest number of bands
(three each) was found in S. alata and S. didymobotrya, which
gave maximum gene/gene expression of aldehyde oxidase
isozyme. The lowest number of aldehyde oxidase bands (one
each) was found in B. hookeri, B. variegata, C. ferrea, C. margin-
ata, C. nodosa, C. siliqua, C. chinensis, D. regia, G. caspica, H.
campecianum, P. africanum, S. surattensis and T. indica. All the
enzyme systems analyzed were polymorphic where the inter-
specific polymorphism reached 100%.
The data extracted from RAPD-PCR for the studied taxa
were amalgmated with the data from morphological and
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interprete and discuss the interrelationship between the taxa
under investigation at generic and specific level, also to
compare the schematic presentation with some of current
systems of classification. The taxonomic treatment based on
679 attributes (326 morphological attributes and 353 molecu-
lar attributes) used for computation and produced dendro-
gram revealed classification of the studied taxa of
Caesalpinioideae which compared with the current system
treatments. The resulted dendrogram showed that the taxa
under investigation were split into two series, three clusters
and eight groups (Fig. 3).4. Discussion
The generated dendrogram clarifies that the taxa under
investigation divided into two main series (I and II) at taxo-
nomic distance 1.3. Series I includes one cluster (A) with two
groups (1 and 2). Cluster A with group 1 and 2 includes five
studied taxa. Series II includes two clusters (B andC), cluster B
with four groups (from 3 to 6) including 12 studied taxa while
cluster C with two groups (7 and 8) including eight taxa. The
interrelationships between these taxa are summarized as
follows.
Series I, Group 1: includes B. alba, B. variegata and B. hookeri
which separated at the taxonomic distance of 1.12.
Group 2: includes C. chinensis & G. caspica which separated
at taxonomic distance 1.26.
The grouping of studied Bauhinia sp. and C. chinensis in one
cluster and two closely related groups (cluster A, Group 1 & 2)
is comparable with current system of treatment of Caesalpi-
nioideae where Bauhinia and Cercis classified under Tribe
Bauhinieae or Cercideae. Wunderlin et al. (1981, 1987) sug-
gested the division of tribe Cercideae or Bauhinieae into two
subtribes, Cercidinae and Bauhiniinae. The data extracted
from cluster A, group 1 & 2 encourage this suggestion (studied
Bauhinia species are classified under subtribe Bauhinieae
while Cercis under subtribe Cercineae).
According to Watson and Dallwitz (1983), G. caspica (tribe
Caesalpinieae), separated away from Caesalpinia, Delonix, Par-
kinsoniaandPeltophorum inaseparate subgroup.G. caspica in the
present studyandon thebasesofmorphological andmolecular
criteria was separated away from tribe Caesalpinieae and
grouped with C. chinensis (group 2 at 1.26 taxonomic value). It
was suggested that data extracted enhance the grouping of this
taxa with C. chinensis under subtribe Cercidinae.
Series II, Group 3: includes B. grandiceps, S. sophera & P.
africanum at a taxonomic value 1.16. According to the different
authors as mentioned in Tables 1and 2 in the present study,
Brownea, Tamarindus, Saraca and Schotia were grouped under
tribe Amhestieae. Hutchinson (1967) andWatson and Dallwitz
(1983) separated Brownea away from the related taxa viz.
Tamarindus, Schotia & saraca in a separate subgroup. In the
present study the morphological and molecular data sup-
ported the suggestion of Hutchinson (1967) and Watson and
Dallwitz (1983).
Group 4: included C. grandis, C. javanica, C. siliqua & S. sur-
attensis separated at 1.16. The two former Cassia sp. are more
closely related than Ceratonia and Senna. In this connectionIrwin and Barneby (1981) divided Cassieae into five subtribes
viz. Ceratoniinae (Ceratonia), Dialiinae, Duparquetiinae, Cas-
siinae (Cassia), and Labicheinae and this is in accordance with
the proposed treatment in the present study.
Group 5: includes S. alata & S. didymobotrya at 1.11 taxo-
nomic value.
Group 6: includes C. fistula, C. marginata & C. nodosa at
taxonomic value 1.23. In the present study the morphological
andmolecular data supported the separation of studied Cassia
and Senna species from each other and this is in agreement
with Bentham (1871) and Taubert (1891) in which genus Cassia
L. is segregated into three subgenera viz. Fistula, Senna &
Lasiorhegma and into Cassia, Senna & Absus (Randell, 1976).
Group 7: includes C. ferrea, C. gilleisii, D. regia & P. aculeata at
1.25 taxonomic value. These taxa belong to tribe Caesalpi-
nieae or Eucaesalpinieae in most of the current taxonomic
treatments of classification.
Group 8: includesH. campecianum, S. brachypetala, T. indica&
S. indica at taxonomic level 1.25. The taxa under this group
represent tribe Detarieae or Amhersiteae (except Haematox-
ylum, tribe Caesalpinieae or Eucaesalpinieae) as mentioned by
Bentham and Hooker (1862), Engler (1964), Willis (1966),
Hutchinson (1967), Pettigrew and Watson (1977), Smith
(1977), Pollhill and Raven (1983), Watson and Dallwitz (1983)
and Lewis et al. (2005). S. brachypetala and T. indica are
closely related at taxonomic value 1.05 and this is in contra-
diction with Pettigrew and Watson (1977) where Schotia and
Brownea were placed together in a single subgroup, Saraca in
another subgroup and Tamarindus in third one. In this respect
Haematoxylum was delimited by Pettigrew and Watson (1977)
and Watson and Dallwitz (1983), this is in accordance with
the data extracted in the present study. From the proposed
treatment (Fig. 1) the following subsequent points revealed a
taxonomic meaning:
The majority of studied taxa are arranged under the spe-
cific tribes based on morphological and molecular attributes.
The studied taxa of Cassieae (Cassia, Senna & Ceratonia) are
considered paraphyletic (one ancestor, Cassia s.l. segregated
away from the remaining descendants). This is supported by
Irwin and Barneby (1981), Herendeen et al. (2003) and
Wojciechowski et al. (2004) who concluded that Cassieae is
not monophyletic based on analysis of molecular sequence
data.
The proposed treatment and dendrogram resulted from
morphological and molecular attributes supported the sepa-
ration of Cassia and Senna as two taxonomic entities.r e f e r e n c e s
Abo El-Enain MM, Khalifa SF, Mohamed MN. Electrophoretic
characterization in some species of Cassia Senso lato seed
proteins and its systematic implications. Taeckholmia
2007;27:41e59.
Bailey LH. Manual of cultivated plants. New York: The Macmillan
Company; 1949.
Bentham G. Revision of the genus Cassia. Soc London
1871;27:503e93.
Bentham G, Hooker JD. Genera Plantarum 1862;1:57e102 [Reeve,
London].
b e n i - s u e f u n i v e r s i t y j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 3 ) 1 2 0e1 2 7 127Boulos L. Flora of Egypt, Vol. 1. Cairo, Egypt: Al Hadara publishing;
1999. Azollaceae-Oxalidaceae.
Bircher HW. Gardens of the Hesperides. A book on old and new
plants for Egypt and similar climes; 1960 [Cairo].
Carlier JD, Reis A, Duval MF, Conppens G, Leitao JM. Genetic maps
of RAPD, AFLP, and ISSR markers in Ananas bracteatus and
Ananas comosus using the pseudo-testcross strategy. Plant
Breed 2004;123:186e92.
Carpenter KJ. Stomatal architecture and evolution in basal
angiosperms. Am J Bot 2005;92(10):1595e615.
Diallo BO, Joly HI, Mckey D, Hossaert-Mckey M, Chevallier MH.
Genetic diversity of Tamarindus indica populations: any clues
on the origin from its current distribution? Afr J Biotechnol
2007;6(7):853e60.
El-Gazzar A, El-Saied A, Hammouda A, Soliman M. Computer-
generated keys to the flora of Egypt. 1. The Leguminosae
(Mimosoideae and Caesalpinioideae). Tackholmia
2008;28:185e208.
Engler A. Syllabus Der Pflanzenfamilien. (II); 1964. Berlin.
Herendeen PS, Bruneau A, Lewis GP. Phylogenetic relationships in
caesalpinioid legumes: a preliminary analysis based on
morphological and molecular data. In: Advances in legume
systematics, part 10. Kew, UK: Royal Botanic Gardens; 2003.
p. 37e62.
Hickey LJ. Classification of the architecture of dicotyledonous
leaves. Am J Bot 1973;60:17e33.
Hutchinson J. The genera of flowering plants, dicotyledons.
Oxford: the Clarendon press; 1967. p. 22e489.
Irwin HS, Barneby RC. The tribe Cassieae. In: Polhill RM,
Raven PH, editors. Advances in legume systematics, part 1.
Kew, UK: Royal Botanic Gardens; 1981. p. 97e106.
Jesudass L, Manickam VS, Irtudayaraj V, Gopalakrishan S.
Venation pattern of the genus Pteris (Pteridaceae) from the
western ChatseSouth India. Phytomorphol 2003;53:29e36.
Jonathan FW, Wendel NF. Visualization and interpretation of
plant isozyme. In: Sdtis DE, Sottis PS, editors. Isozymes in
plant biology. London Champan and Hall; 1990. p. 5e45.
Larmarque AL, Fortunato RH. Taxonomic significance of seed
protein profiles in Acacia, with special reference to Acacia
emilioana. Austra Syst Bot 2003;16(1):35e9.
LAWG [Leaf Architecture Working Group]. Manual of leaf
architecture. Morphological description and categorization of
dicotyledonous and net veined monocotyledonous
angiosperms. Washington, D.C., USA: Smithsonian
Institution; 1999.
Lewis GP, Schrire B, Lock M. Legumes of the world. Kew, UK: Royal
Botanical Gardens; 2005. p. 591.
Martins M, Tenreiro R, Oliveira R. Genetic relatedness of
Portuguese almond cultivars assessed by RAPD and ISSR
markers. Plant Cell Rep 2003;22:71e8.
Metcalfe CR, Chalk L. Anatomy of dicotyledons, Vol. 1; 1950.
Oxford.
Mohamed AH. Taxonomic significance of seed proteins and iso-
enzymes in Tribulus (Zygophyllaceae). Int J Agri Biol
2006;5:573e5.
Murley MR. Seeds of the cruciferae of northeastern North
America. Amer Midl Nat 1951;46:1e81.
Nualkaew S, Gritsanapan W, Suriyapananont S. Comparison of
isozyme patterns in Cassia species. In: 24. Congress on science
and technology of Thailand, Bangkok 1998.
Pettigrew CJ, Watson L. On the classification of Caesalpinioideae.
Taxon 1977;26(1):57e64.
Pollhill RM, Raven PH. Advances in legume systematics. Parts 1
and 2. Kew: Royal Botanic Garden; 1983.
Prabhakar M. Structure, delimitation, nomenclature and
classification of stomata. Acta Bot Sinica 2004;46(2):242e52.
Randell BR. The species of Cassia in Australia. Aust Plants
1976;8(68):345e60.Rendle AB. The classification of flowering plants, Vol. II. England:
Cambridge. University press; 1925. p. 348e66.
Rohlf PJ. NTSYS-PC. Numerical taxonomy and multivariate
analysis systems. New York: Exeter Publishing; 2000.
Roth-Nebelsick A, Uhl D, Mosbrugger V, Kerp H. Evolution and
function of leaf venation architecture: a review. Ann Bot
2001;87:553e66.
Samec P, Posvec Z, Stejskal J, Nasinec V, Griga M. Cultivar
identification and relationships in Pisum sativum L. based on
RAPD and isozymes. Biologia Plantarum 1998;41:39e48.
Scandalios JC. Tissue-specific isozyme variations in maize. J
Hered 1964;55:281e5.
Schnabel A, Hamrick JL. Organization of genetic diversity within
and among populations of Gleditsia triacanthos
(Leguminosae). Am J Bot 1990;77:1060e9.
Seetharam YN, Kotresha K. Foliar venation of some species of
Bauhinia L. and Hardwickia binata Roxb. (Caesalpinioidea).
Phytomorphol 1998;48(1):51e9.
Siva R, Kirshnamurthy KV. Isozyme diversity in Cassia auriculata
L. Afr J Biotechnol 2005;4(8):772e5.
Smith JP. Vascular plant families. An introduction to the families
of vascular plants native to North America and selected
families of ornamental or economic importance eureka,
California; 1977.
Sneath PH, Sokal RR. Numerical taxonomy. San Fransisco:
Freeman; 1973. p. 573.
Stace CA. Cuticular studies as an aid to plant taxonomy. Bull Br
Mus (Natural History) Bot 1965;4:3e78.
Stegemann H, Afifiy AMR, Hussein KRF. Cultivar identification of
dates (Phoenix dectylifera) by protein patterns. In: 2nd
international symposium of biochemical approaches to
identification of cultivars. Braunschweig, West Germany 1985.
p. 44.
Tantawy ME, Hamed KA, Khalifa SF, El-Azab HM. Palynological
study on some taxa of Mimosoideae (Leguminosae). Int J Agri
Biol 2005;7(6).
Taubert P. Mimosoideae. In: Engler A, Prantle K, editors. Nat.
pflanzenfamilien III, 3; 1891. p. 99e125.
Watson L, Dallwitz MJ. The genera of Leguminosae,
Caesalpinioideae. Cambridge Univ. Press; 1983. p. 397.
Welsh J, McCleland M. Fingerprinting genomes using PCR with
arbitrary primers. Nuc Acid Res 1990;18(24):7231. 7218.
Wendel JF, Weeden NF. Visualization and interpretation of
plant isozymes. In: Soltis DE, Soltis PS, editors. Isozymes in
plant biology. London: Chapman and Hall Publishers; 1989.
p. 18.
Whitty PW, Powell W, Sprent JI. Molecular separation of genera in
Cassiinae (Leguminosae), and analysis of variation in the
noulating species of Chamaecrista. Mol Ecol 1994;3:507e15.
Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. DNA
polymorphism amplified by arbitrary primers are useful as
genetic markers. Nuc Acids Res 1990;18(22):6531e5.
Willis JC. A dictionary of flowering plants and ferns (revised by H.
K. Airy show). Cambridge University Press; 1966. p. 627e31. 7.
Wojciechowski MF, Lavin M, Sanderson MJ. A phylogeny of
legumes (Leguminosae) based on analysis of the plastid matK
gene resolves many well-supported subclades within the
family. Am J Bot 2004;91:1846e62.
Wunderlin R, Larsen K, Larsen SS. Cercideae. In: Polhill RM,
Raven PH, editors. Advances in legume systematics, part 1.
Kew, UK: Royal Botanic Gardens; 1981. p. 107e16.
Wunderlin R, Larsen K, Larsen SS. Reorganizaztion of the
Cercideae (Fabaceae: Caesalpinioideae). Biol Skr 1987;28:1e40.
Zahuang FY, Chen JF, Staub JE, Qian T. Assessment of genetic
relationships among Cucumis spp. by SSR and RAPD marker
analysis. Plant Breed 2004;123:167e72.
Zou P, Liao J, Zhang D. Leaf epidermal micromorphology of Cercis
(Fabaceae: Caesalpinioideae). Bot J Linn Soc 2008;158:539e47.
